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Switching Airangement for Intercomxecting Electrolytic Capacitors 



The invention relates to a switching arrangement for a controlled parallel switching of 
5 an electrolytic condenser of at least SOO jeiF capacitance to another, energy-storing 
electrolytic condenser. The arrangement includes an electronic switch formed by a 
semiconductor device and a delay member at which the semiconductor device has a control 
input and the input is connected through an RC-type delay member to a control input which 
supplies the switching signal. The switching arrangement has a switching delay of 
10 determined duration. 

Upon suddenly discharging or charging condensCTs charged with energy, during a 
given period yery large transient currents flow which may dan[iage both flie condenser and 
the switching device that effects the transient process. 

In the Hungarian published patent q)plication No. P 9902383 a battery-charging 
15 circuit is disclosed v4iich includes a condenser. A switch increases the cf^acity of the 
condenser by switching another condenser in parallel therewith. As shown in in Figm% 4 of 
tiie patent plication referred to, a series LC member is inserted into the switching path. 

The capacity of flie condooser to be charged has a cs^adty of typically 100-10000 
/iF, but is advantageously in the 500-10000 fiF range. The most wide-spread semiconductor 
2 0 switching device is the MOSFET-type field effect transistor, whose mner resistance is very 
smaH in the open state and which may be easily opened and closed at a very high input 
impedance. 

The switching perfomiance of field efifect transistors ad^ted for switching large 
currents is constantly on the increase, but in any given type currents in excess of a given 

25 intensity endanger the soundness of the transistor. In the exemplary use, the mflyiTniitn 
permissible current intensity is 180 A When field effect transistors are used as switching 
devices, the heat dissipating on the semiconductor device during the transient switchmg 
process also constitutes a barrier. In the open state fho residual voltage of the field effect 
transistor is very low, it is typically in the 50 mV range; for this reason the power loss m 

30 such a transistor is very small even in case of large currents. During the transient switching 
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process, however, the risks are very substantial that the field effect transistor is e2q)osed to 
loads greater than the permissible limit values. 

Thus, when sv<^tching large enargies, attention has to Tje given to loads to which the 
switching device proper is allowed to be exposed, and also to the mavtTwiitr, load permissible 
5 for the switched circuit The load on the switched curcuit may be reduced by delaying the 
transient process. At the same time, in given applications it is also an object to ensure that the 
switching itself affects the transient processes appearing in the switched circuit only to the 
extent as absolutely necessary, that is, up to a prevention of exceeding the limits determined 
for the'components. 

10 Inductive elements are routinely used in flie main circuit of the switehed circuit for 

purposes of delay. A problem involved in the use of an inductive element is that the 
inductivity necessary for efifecting the delay can be obtained only with an ohmic resistance of 
given magnitude, and the presence of the ohmic conqwneat in the main circuit causes a 
continuous loss and adversely affects therein the processes which are no longer transient 
15 switching events. 

In the uses noted m the above-mentioned Hungarian patent ^Kcation, boundary 
conditions develop at which the delay period necessary for the transient process is longer 
flian what the usual electronic semiconductor devices are able to tolerate by way of thermal 
stress,derived fiom the switohing transient in case of currents in the range of 100-200 A. At 
the same time, such delay period is short enough to render the generaUy apphed inductive 
delay elements unusable because of the existence of the ohmic component gearing when 
the required inductivity value is achieved 

Because of the described contradictory requirements, that is, where to a large- 
c^aojty electrolytic condenser containing large energy another, energy-less, but also large- 
capacity electrolytic condenser has to be connected in parallel and where it is a requirement 
to affect the developing transient processes as Uttle as possible, such task could be solved 
heretofore only with opening and closing contacts. Solutions utilizing mechanical contacts, 
however, are disadvantageous as concerns thdr cost, speed, the comfort of control and thei^ 
low-level rehability as compared to the use of otherwise comfortable, r^id and reliable 
electronic devices. 
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It is an object of flie invention to provide a switching arrangemeat for an electrolytic 
condenser having a capacity of at least 500 liP and used for the controlled parallel switching 
of anodier, energy-storing electrolytic condenser, in which the switching element is formed 
by a semiconductor device and which is capable of protecting bofh the semiconductor device 
5 and the coxmected electrolytic condensers fiom the damaging effect of current surges 
spearing as switching transients but which, at the same time^ afifects the switclung process 
only to the ext^t necessary for the protection* 

For achieving the above object it was recognized tbat the protection against the 
switchiag transients may be solved in a divided manner. Thus» one part of the required delay 

10 is ensured by an RC member formed at the gate electrode of a field effect transistor and 
utilizing predominantly only fhe own input capacity of the gate electrode of the device. The 
extent of the first delay is determined based on the load limit value of the field effect 
transistor. The necessary additional delay is ensured by an inductive member passed through 
the bore of a ferrite core. The inductive member has a very low ohmic resistance and has a 

15 single turn, or a few turns at the most. The inductive member is connected in series with the 
main circuit of the semiconductor device. 

Thus, according to the invention a switching airangement is provided for the 
controlled parallel switclung of an at least 500 /iF capacity electrolytic condenser to another,, 
energy-storing electrolytic condenser. The switching airangement comprises an electronic 

2 0 switch formed by a semiconductor device and a delay member. The semiconductor device . 
has a control input which is, through an RC-type delay mraiber, connected to a control input 
whiqh supplies the switching signal. The switchiag arrangement has a switching delay of 
predetermined extent. According to the invention the semiconductor device is a field effect 
transistor, whose main circuit is coupled to the condenser to be switched through an 

25 inductive element effecting a second delay. The inductjive element is a conductor of 
det^mined length surrounded by a high-fi-equency ferrite core. Further, the delay effected by 
the RC member ensures only that fraction of the defined switching delay which is required 
for a load within the load limit of the field effect transistor. The remaining delay is supplied 
by the inductive element. 
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By virtue of the division and the particular configuration of the inductive element 
proposed by the invention, as a particular compromise of conflicting requirements a solution 
could be obtained which satisfies all conditions. According to the inventive solution the 
dermal load afiTecting the field efifect transistor is within fee pramissible range during the 
switching transient Further, the peak magnitude of flie current on the electrolytic condensCTs 
does not exceed the level which would cause damage thereto. At the same time, the 
switching and the required delay introduce only a minimum ohmic loss into the main circuit, 
whose functioning is therefore basically unaffected by the presence of circuits necessary for 
the switching process. 

- According to an advantageous embodiment the ferrite core has two bores having 
parallel axes and spaced fixjm one another at a given distance. Further, th.e conductor has two 
legs passed through the respective bores. 

Jn accordance with an e3q)edient structural embodiment the fenite core has a plurality 
of short, stacked fenite cores. The fenite cor^ however, may also consist of a single, long, 
narrow piece. 

In a further advantageous embodunent the capacitive element in the RC member is 
constituted by the inpyxt edacity of the field effect transistor and the uxiavoidable scattered 
capadl&es. 

The edacity of the electrolytic condensers is typically in the 10,000 fjF range. 

The switching arrangement according to the invention makes possible for the given 
task the use of the rapid, inexpensive and reliable field effect transistor as a switching device 
to thus dispraise with mechanical contacts. 

Further details of the solution according to the invention will become apparent by 
way of exemplary embodiments in conjunction with the drawing, where 

Figure 1 is a circuit diagram of the principle of flie switching arrangement according 
to the invention. 

Figure 2 is a schanatic view of a first embodiment of the inductive element. 
Figure 3 is a perspective view of a first fenite core. 

Figure 4 is a schematic view of a second embodiment of the inductive element, and 
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Figure 5 is a perspective view of a second fenite core. 

It is the basic task of the switching ammg^ent shown in Figure 1 to connect in 
parallel, or disconnect from one another, a large-C£Q)acity electrolytic condenser CI, having a 
edacity of at least 100 jLtF, but e^cpediently of much larger capacity, such as in the range of 
500-10000 jLtF, and a likewise large-capacity electrolytic condenser C2. The condensers CI 
and C2 may be positioned, according to the arrangement shown in Figure 4 of the earlier- 
noted Hungarian patent ^plication, in the charging circuit of a non-illustrated battery. One 
of the armatures of each condenser CI and C2 are connected to one another and have a 
potential of varying magnitude with respect to ground; in the given exan^le a significant 
positive potential is present. In the path between the other (in this instan.ce negative) 
armature and ground an electronically controlled switch is disposed, whose switching 
element is formed by a field effect transistor FT. An inductive element L designed for a large 
current intensity is connected in series with the path between the source electrode S and the 
drain electrode D of the field effect transistor FT. The consfmction of the inductive element 
L is critical, because its d.c. resistance should be minimal, otherwise the current which is 
generated during charging or discharging and which may reach an intensity of several 
hundred amperes, would cause substantia] losses. Between the gate electrode G of the field 
effect transistor FT and ground a virtual edacity is present which is determineci by the ioner 
capacity of the device and the scattered edacities. In Figure 1 the virtual capacity is 
represrated in broken lines by a virtual condraser C3, whose typical capacity is 50-100 pF. 
The gate electrode G is joined by a resistance R, whose other end constitutes the control 
input VS of the switching device. 

Figures 2-5 illustrate various structures of the inductive element L. The inductive 
element L has a two-legged, U-shaped conductor 10 formed in the exaxaple by a copper or 
silver-plated copper wire and a ferrite core 11 or 12 ^Figures 3 and 5, respectively) provided 
with two bores having parallel bore axes and being at a determined distance fiom one 
another. The distance between the legs of the conductor 10 corresponds to the distance 
between ttie bore axes. In the embodiment shown in Figure 2 the length of the conductor 10 
corresponds to the length of aplur^ty (for exanq)le, 6-10) of short ferrite cores 11. The legs 
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of the conductor 10 are passed through the bores of the short ferrite cores 1 1 which thus form 
a stack on the conductor 10. The adjoining fmite cores 11 are e3q>ediently affixed to one 
another and to the conductor 10 by gluing. As concerns the configuration of the feirite core 
11, it is identical to ferrite core structures used widely in symmetrical/asynunetijcal 
5 transformers (balun transformers) in oth^ fields of application. The inductive element L 
structured in such a manner has a very low ohmic resistance, and a just-suitable inductiLvity. 
In case the diameter of the conductor 10 is 1 mm and its length allows 10 ferrite cores 1 1 to 
be stacked thereon, the measured inductivity is 71 .7 /iH at a frequency of 1 kHz and 70 fjH at 
a frequency of 100 kHz. 

10 The embodiment illustrated in Figures 4 and 5 diSers from the embodiment in 

Figures 2 and 3 in that instead of stacked ferrite cores 11, it includes a single, long ferrite 
core 12, configured specially for the invention. 

The long, narrow configuration of the inductive element L is advantageoiis as 
concerns its accommodation in the utilized device, because its volume is large onl3r in a 
15 single direction. Thus, in case of a vertical orientation of such an inductive element L, a 
relatively large number may be disposed in a small area. 

For understanding the operation of the switching device according to the invention, it 
is assumed that a large positive voltage of, for example, 40-50 V is measured between 
ground and fliat electrode of the condenser C2 ^ch is connected to the condenser CI, and a 
sudden voltage in the opening direction (that is, a voltage positive relative to ground) is 
applied to the mput VS which was earlier at ground potential. The sudden voltage appears on 
the gate electrode G already with a slight run-vp delay caused by the RC member fomxed by 
the resistance R and the virtual condenser C3. The resistance R is typically m the range of 
150 kO. Based on these data the delay pmod attributed to the RC member will be typically 
about 0.075-0.15 jits. The field eflfect transistor FT will assume its open state with such a 
delay, and a short circuit occurs between the drain electrode D and the source electrode S 
(apart from a residual voltage in the order of magnitude of about 50 mV). During the 
transient event heat loss ^ears on the field effect transistor FT, when the voltage between 
the drain electrode D and the source electrode S is not yet zero, but the current is already at 
an q>preciable level. The delay obtamed on the mput side is still too short to limit the starting 
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curcent to a magnitude vMch the condenser CI too, can tolerate. If the time constant is 
increased by increasing ttie value of eitiber the resistance R or the condenser C3, flie flietmal 
load on the field effect transistor FT would be increased which would be intolerable for the 
device. 

5 The inductivity of the mductive element L, however, causes an additioaal run-up 

delay which, because of the small ohmic resistance of flie device, generates only very little 
heat, and for the dissipation of such heat a very large surface is available. The presence of the 
separate inductive delaying element placed outside of the field effect transistor reduces the 
heat quantity absorbed by the field effect transistor during the transient process, because the 
1 0 inner resistance of the device assumes its minimum value during the input time delay, and at 
that delay time the current increase is still limited. The two conq>onent8 of the delay have 
jointly an effect, during which the field effect transistor FT too, operates withm the 
pemiissible Imdt values, and also, iqjon charging the condenser CI, the current maximum 
does not exceed a pennissible peak value. The selected configwation for the mductive 
15 element L ensures a very low ohmic resistance at a suitable inductivity value. The conqjiete 
run-up delay, however, is not greater tiian necessary for tiie safe operation of tiie utilized 
devices and elements, so tiiat tiie signal shape of tiie current is determined by tiie properties 
of flie main circuit which includes the condensers CI and C2. 

By vutue of flie feet tiiat mstead of alternative solutions which involve much greater 
volumes and greater losses, a field effect transistor FT may be used, switching may be 
effected witii smaller physical dimensions, reduced costs and more advantageoxaa electric 
parameters. 
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